s N

#uionai Agvisory Committab." 1’:“
ter Aoronauties - o :
MAILED . ' I ' e T

[ APR 26 1939
’oﬂLibrary, -4:_‘7}1; Q:Zi-

TECHNICAL NOTERS

"NATIOFAL ADVISORY COMMITPREE FOR ABRONAUTICS

No, 702 [ S L s

- e = —lma L
a
. - - -

WIND-TUNNEL TESTS OF SEVERAL FORMS OF FIXED WTKG szﬁw”'

FM»E.'»«'
!
s

IN GOMBINATION WITH A SLOTTEﬁ'FLAP OF AN
N.A.C.A. 27012 AIRFOIL ‘ e e

By M. J. Bamber : T T sl E L T
Lengley Memorial Aeronautical Laboratory ' T

et o et e St s

Washington ~ o oe oo ST
April 1979 em




T s o =

, 3117601425

NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS

TECENICAL NOTE XO, 702

.

WI¥D-TUNNEL TESTS OF SEVERAL FORMS OF FIXED WING SLOT
IN COMBINATION WITH A SLOTTED FIAP OW AN
NJA.C.A. 23012 AIRFOIL

By M., J. Bamber

SUMMARY

Several forms of fixed wing slot in a large-chord
N.A.C.A. 23012 airfoil were tested in the closed-throat
7= by 10-foot wind tunnel. The airfoil extended com-
bPletely across the test section so that two—-dinmensional
flow was approximated. The model was fitted with a full-
span slotted flap having a chord 25.66 percent of the air-
foil chord. The slots extended over the entire wing span.
The wing-slot location was varied along the chord and
several variations of slot gap and width were tested at
each location,.

The data are presented in the form of tables of im-
portant asrodynamic characteristics for each slot tested
and as curves of gection 1ift, profile~drag, and pitch-
ing-moment coefficlents. The relative air veloclty
through the slot is given. -

A slot as far back on the airfoil as the 55~percent~
chord point, with the flap deflected 40°, was practically
ineffective for increasing either the maximum 1ift coeffi-
cient or the angle of attack for maximum 1ift. 4 slot
near the leading edge of the airfoil, with the flap de-~. .
flected Q0, ilncrsased the maximum 1ift coefficient by 0.65,
the maximum angle of attack by 11°, and the minimum pro-
file-drag coefficient by 0.012., With the flap deflected i
40°, this nose slot increased the maximum 1ift coefficient !
by O 40 and the maximum angle of attack by 10°.
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INTRODUCTION

If the stalling of the wing tips of highly tapered
wings can be delayed to a higher angle of attack than
that of the center section, the lateral stability and the
useful maximum 1ift coefficient of the wling will be great-
ly improved. Various methods have been used to meke the
tips of the wing stall after the center sectlon. Some of
these methods are: changing the alrfoil sectlon along the
span, washout at the wing tips, and either fixed or mova-
ble wing slots,. If a change in the alrfoil sectlion along
the span and washout are to be effective in delaying the
tip stall with highly tapered wings, they will probadbly
give poor aserodynemic characteristics in the high—-speed
and the ¢limbing ranges. ILeading-edgoe slots over the tip
rortion of the wing appear to give the most practical so-
lution of the problem because they have little effect on
the span 1ift distribution for the high-speed and the
climbing ranges. Movable slots give a large increase in
the angle of attack for the stall and an increase in the
maximum 1ift coaefficient. Fixed slots glve about the
same lncreasges 1n the maximum angle of attack and the max-~
imam 1ift coefficient as the movable slots, but they con-
slderably increase theo minimum drag coefficient (refer—
ences 1 and 2). The fixed slots, however, are simpler to

construct and are less likely to glve operational troudles

than the movable slots.

The purpose of this investigation was to determine
the effect of some fixed-~slot parameters on the asradynanm-~
ic characteristics of an N.A.C.A. 23012 wing with a slobt-
ted flap. One of the slotted-flap arrangeoments reported
in reference 3 was used becauso that arrangement appears
to be one of the most promising high~1lift dovices devel-—
oped up to the prosont time, The slots were varied in po-
sltlion along the chord, in gap, and in width. The data
given in referencos 1 and 2 for a Clark Y section were
used in choosing the slot forms and the slot locations.

APPARATUS AND TESTS

The airfoll was built to the N.A,C.4, 23012 profile
with wooden flap and flap-slot forms, The intermedlate
soction of ribs wasg covered with tempered waterproofed
wallboard, and the glot forms were made of wood and metal.
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The model has a 3~foot chord and a 7~foot span. The
chord of the full-span flap is 0.2566c,. Tae airfoil pro-

file, the dimensions of the flap and the flap slot, and
the lccations of the flap nose when the flap is deflected
are given in figure 1, Figures 2, 3, 4, and 5 show the
fixed-slot arrangements wlth their locatlions and dimen-
sions. The full-span slots were designed to give syste«
natic variations in gap and width for slat chords of
0.E5¢y, 0.205¢y, and 0.129c¢cy for one slot. The other

slots were obtained by combinations of slat and slot forms.

The model. completely spanned the closed test secction
of the wind tunnel so that two~dimensional flow was prac-—.
tically attained. (Sec roforence 3.

The veloclty of the alr flow through the slot wag
measured by two 1l/l6~inch-diameter impact tubes located
in the smallest part of the slot, one on each side and
adbout one~fourth of the gap from the sides of the slot;
the statlic reference pressure was obtalned with a 1/16-
inch static tube in the middle of the slot and on & line
with the impact openlngs. FPor part of the tegts, tufts
were nlaced on the unper surface of the alrfoil to show
the nature of the air flow. o

A dynamie pressure of 16.37 pounds per square fool
was malntained for all tests, corresponding te an air
speed of about 80 miles per hour and to an average tegt
Reynolds Number of 2.190,000. Heasurements of 1ift, drag,
pitchirg moment, and dynamic pressure of fthe air in the
slot were made for a complete range of angles of attack
up to the stall for flap dsflections of 09 and 40°.

RESULTS S

The ailrfoil section coefficients are given in stand-
ard nondimensional coefficient form as follows:

cy,s section 1ift coefficient, I/ch-

-Gdo’ section profilé~drag coefficient, _do/ch.
m » section pitching~moment coefficient about
(a.c.)o aerodynamic center of airfoil with flap
~neutral, mo/cha.
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is section 1lirft.
section profile drag.

section pitching moment (about sercdynamic
center).

dynamic pressure, % P Ve,

airfoil chord including flap at &y = 0°.
is section angle of atiack, deg.
deflection of flap, deg.

average velocity obtained with the itwo impact
tubes in the slot.

tunnel-air velocity.

alr density.

Experimental errors in the results presentod in this
report are believed to be wilithin the following limite:

C-L—

0,02 (near maximum 1ift)

P

f

I
1
t
1

*0,0003 (minimum drag with &g = 0°)

- = = - *0,0005

- -~ = 1.0° to 0° (i.e., a, may be 1,0°

mox hizher.than given).
VO/V ‘‘‘‘‘ 0,1
§p = ~ = = = *0,5°

¥o tesgts were made to determine the effect of flap or
slat support fittings. The 1ift and the drag coefficlents
have been corrected for tunnel-wall effects, as explained
in reference 3,

The section. characterigtics of the airfoil with the
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slotted flap deflected 02 .apd 40° with no slot and with
several of the fixed slots are given as ourves of Cdge

Cn @y, and V,/V plotted against cl in fie-

(a.c.)y’ S S
"ures 6 to 11, These curves are given to show the general
variations in the aerodvnamlc characteristiecs produced by
the fixed slots. The characteristics of the baslic wing
wlth no flaps nor slots have been gilven in reference 3 and
are included in figure 6 for comparison with the data of
the wing with slotted flaps. .

Figures 2, 4, and '5 included tables of important air—

foil section characterlstics for all slots tested. The

characteristics given ares cdo "at ey = 0.3 and 1.0

with the flap deflected 09, and at ¢} = 1.5 -and 2.¢C

with the flap deflscted 400;: eyl s oy at oy and
R - VYmax max; )
Upax

for both flap deflections,
cd_o (at- ey = 0.3) . _ :

" DISCUSSION

Slots at the 0.55 .c; Location .

The slots tested at O. 55 °w were practically ineffec—

tive for increasing ey T oT Gy at ¢y z° eapecially
max mna

with the flap deflected 40° (figs., 2, 6, and 7). The aero-
dynamic charascteristics of these slots did not vary in the
same manner with changes'-in slot parameters as did the
gslote near the leading edze of the airfoil; the following
discussion will therefore be devoted to the slot positions
near the leading edge of the airfoil.

Slots Near the Leadineg Edge of tha Airfoil

lpmax = Thers appears to be little difference in the

et et e

values of ¢y obtained with any of the thrée slat
me.x

chords when 21l the slot parameters are taken into consid-
eration, The maximum values of cy, x* however, were o0b-
ma

tained with a slat chord of 0.165 cg (figs. 4 and 5). The

values of cy increase as the gap increases dut, for
max '
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gaps greater than about 0.04cy, the increases are small,

Variations in other slot parameters, provided that the

ratio of gap to.width 1s less than about 0.6, appear to

have little effect on ey, <
- ma,

a& at ¢y .- The variatlon in Qg at

¢y with
max . mnax .

s8lot position 1s ghown in figures 12 and 13. The maximun
values of %, were .obtained with slat chords of 0.165cy

and 0.l29c¢y. For the 0.129¢, slat, the values of a, de-
pended largely upon the gap: for 0.165¢c, and wilder slats,

slat -chord had the greatest effect although the higher an-
g8les were generally obtained with the larger gaps. Varia-
tions in the other slot parameters, provided that the gap-
width ratio was less than about 0,6, appsared to have lit-
tle effect on “o at czmax'

cq, (at .oy = C. 3) ~ The values of ca, (at ey,

0.3) are given in the tables of figures 4 and 5 because
they are representative of the high-speed condition with
fixed slots. (See figs. 8 and 10.)

For slots with a sharp lower edge on the slat, the
gap 0.02cy and larger, and thes width O, 05¢, and larger

(slots for which the polars were similar to those gilven
in fig. 10), the values of cq (at oy = 0.3) are given
)

by a simple expressgion to an accuracy nearly within that
of the test results. The relatiecn is
cq, (at ¢y = 0.3) = 0.0119 + Q.36X gap + 0,125 (K~ width)

where 0.0119 is the cg_ of the airfoll without slats.
0.36 and 0,125 are constants.
Gap and width are in fractions »f the airfoll chord.

K 1is o constant for each slat.
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The values of X s&ores -

s

Siat chord Cut—off X
(fraction cy) .. (fraction_cw):~ B -

C.205 0.05 0.102
165 o SLos TV 108
.165 - .6; .:;_  - .130
.129 | .0091 "+ © o .Wlo2

The equation sﬁd&s that the value of 'ca (ot c1'=
o _
0.3) increasts directly with tho gap. and decreases di-
rectly as the widih 1ncreases from a. vidth of about 0.05cy.
4 change in cut-off (0.05¢, to O, OScw With the O, 165cy,

slat chord) shows a difference in X ~of 0.022, which is
practlically the socme as the difference in cut—off 0.02¢4.

This result 1nd1cates that the effect of cut~off on cdo

(at ¢y = 0.3) is small, provided that the slat chord and
tho rear part of the slot form are .the same.

For the slots with small gaps or widths, the comnutéd-
values of Ca, (at oy = C. 3) are alwvays greater than

the memsured values  Other factors remaihing equal "the
values of eq, (at ey = O, 2) increase w1th slct width

up to o width of about Q. 043 anéd, for larger widths
ca decreasss according to the preceding expresslon,

c
max
[ Y T i
cg (at ey = 0.3) ho.rat‘q
o

“Vmax/ %8o 4,

has been given as a speed-range criterion, which is con-
venlent for the comparison of the over-all efficiency of
airfoils. There appears to be no consistent variation of
this ratio with slot parometers and It is always less than
for the wing without slots. Figures 14 dnd 15 give the

[¢] . . .
variations of ¥ nax with the gap-width ratio
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for all the slots tested and indicate that the over-all
efficiency of the airfoll improves as the gap bocomcs small-~
er or as the width becomes larger.

Effoct of Rounding Lower Edge of Slot

For the slet at the 0.55¢,, position, rounding the
lower edge of the slat increased the value of cdo (at

¢, = 0.3). (See fig. 2.) Rounding tho lower edge of the
0.165¢,; slat decreased °a, for values of ¢, above 0.2.

(See fies. 5 and 10.) For the few cases tried, the reduc~

tion in Cq is very similer to that obtalned by increas-
: )

ing the slot width with the sharp-~edge slats, ' Rounding
the lower edge of the slat to radli of 0.03c; and 0.04cy

increased both ey, and o, at cy . BRaising the

max : nax
leading edge of the nose increased the value of cdo (at

¢y ='O.3) with practically no change in the other aserody-

namic characterisgtics.
Air Flow Over the Uppver Surface of the Airfoil

For all the slots tested with slat chords of 0.55cy
and O0.12%ey, the alr flow both ahead of and dehind the

slot changed from smooth to burbled flow at the sgame time.
With the 0.165¢;; and 0.205¢y slats, the tufts showed that

the flow reversed over the rear vart of the slat 2° or 3°
before it did over the rest of the upper surface of the
airfoil, )
Usually 73 was obtained just before the air flow
max .
over the entire wing changed from smooth to burdled flow.
In some c¢ases, however, ey, wasg obtained 2° or 3° de-
. max
fore the tufts indicated reversal of air flow over the
wing and the flap, For these cases, there probadbly was a
very thick slow~moving boundary layer or actual revorsal
of flow far enough above the wing surface so that the
tufts were not affected.
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These observaticns tend to bear out the indicationgé
of the force measurements, that higher maximum values of °

c and o at ¢ would be obitainocd with a slat
T’ 0 .l' max

which would not stall beforo the rost of the wing. This
conclision indicates that a slat chord less than 0.165cW !

and greater than 0.129cW would be the most effective.

General Remarks .

. 1
From the results obtained, it appears that o slat |
chord of about 0.15c¢; and a gap of less than O0.04c, wonld

glve the most practical arranrement for ey, and for
nax ’

maxlimum angles of attack at With thig slot, o -

(3 .
Lmax
width of about O. 07c, or larger and a radius of ahout

O. 04c for the lower edge of the slat would give the low—

est vnluos of ¢ (as c. = 0.3). - S
do T

It is believed that tho best slat—chord and slot-gap,
ranges for the N.A.C.A. 23012 sirfoil have becen coversd in
this investigation. Iarger slot widths and better shaped
lower—-surface slot openings than were covered in thils in-
vestigatlon would probably rediuce the drag coefficient.

This type of slot is 1likely to be used principally
for lateral stabdility at high angles of attack bocause qf
c1

the low values of nax . TFor lateral sta-—
cg, (at e = 0.3)

bility, the slot would extend over only the outer portion
of the wings and the gap would be large enocugh to give en-—
ly the necessary increase in angle ef attack required be~
cause, with the better slet shapes, the wvaluse of cdo (at

¢, = 0.3) when 8e =-0° increases nearly as a straight*.m.

1line variation with o at ¢y whon Sf"= 40°,
o mex S

If it is assumed that the maxXximum useful angle of at-
tack 1s limited to 2° or 3° below that at which the tips
stall and that a fixed slot is wused over the outer part of
the wing, an appreciable reduction in wing area might be
realized for the same low snoed and thero nmight bo a pos—
sible increase in the high spced of the airplane.
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CONCLUSIONS

~ For the range of fixed-slot variables investigated,
the follewing conclusions may be drawn for an N.A.C.A.
23012 airfoil with a slotted flap: ' :

1. The slat chord and the glot gap and width are fthe
only slot parameters that have appreciable effects on
CL or on oy at c; .
naex nax

2. A glat chord of about 0.15¢c; would probably be

the most effective for increasing ey, and a, at
ey . : nax
Unax
3. & slot gap of 0.0scﬁ or 0.04c, is adbout as large

as ls practicable for use with g fixed slot because, for
larger gaps, the values of cdo " show a much grsater pro-

portional increase than do the values of s or &g

at cy, . max
max

4, The. gap-width ratlo, provided that 1t is less
than 0.6, hag little effect on ey or a5, at
‘max

with the flap deflected 40°.

c
v max

5. The wvalue of with Sf a 0° increases wilth

c
do . .

the gap and the width up to a width of about 0.04cy. For
widths of about 0.05c¢cy; and greater, the cdo decreases ag

tﬁe width increages. Other factors being equal,-decreas~
ing the cut-off increased ey with 68, = 0°.
0 .

8. Rounding the lpwer edge of the slat (0.165c, slat,
0.05cy; cut-off) reduced the ¢4  throughout the normal
(o]

flylng range, and e radius of 0.03cy and larger lncreased

both cy - and o at cy, .

max ° nax

7. The value of the ratio wad
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always less than that for the wing with no sloft and it de-
creased as the gap-widthk ratio increased. ’

Langley Memorial Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 21, 1938.
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ALL DIMENSIONS {N PERCENT

NACA 23012 ARFOIL |
STATION|'UPPER |LOWER
SURFACE | SURFACE
o) - o
1.25] 2.67 | -1.23
2.5 3.6l L‘—s.l_
5.0 | 4.91 |-2.2¢
7.5 5.80 | —2.61
10 §.43 -2.92
s 7.19 | ~-3.50
20 7.50 {-3.97
25 7.60 |-4.2.8
30 7.55 |-4.4¢
40 1014 |-4.48
50 G4l |-4.17
Go s.47 [-3.61
70 | 4.36 |-3.00
80 3.08 |-2.16 !
' 90 168 [-1.23
i 98 a2 (<70 |
100 .13 —':.‘mm'

LEADING-EDGE RADIUS . 1.58
SLOPE OF RADIUS THROUGH
END OF CHORD :Q305

PATH OF FLAP NOSE

L 3¢ (degd | =% L] oA
o 836 3.9l
10 5.41 3.63
20 3.83 3.45
30 263 3.37
40 35 2.43
50 \ .50 163
GO0 Jdz |48

OF WING CHORD

SLOTTED FLAP
STATION| UPPER | LOWER
" SURFACE] SURFACE
Q | -1.29 | ~-129
40 | - .32 | ~2.05
Tz o4 ~2.21
36 | .6l |, -2.36
2.00 i (.04 | -2.41
264 140 | -2.41
| 3.9 194
520 2.3
566 - -2.16
" G.48 2.53
176 263 | ——
.03 2.58 —_—
b 10.3) 246
I 15.c6 1.¢g |-1.23
i 20.66 .92 - .70
25.66 43 - a3

"CENTER OF LEADING-EDGE ARC:
i o&a | -2 |

LEADING-EDGE RADIUS: O. 9)

TCONTDUR OF SLOT
STATION [ORDINATE

| 232 | -re2
Y7457 67
76.32 176
77.82 2.30
732 265
80,82 2.82
82.70 2.64

ARC CENTER |ARC RABWS
[A¥4-3 4.67 717

Figure 1.—
Crass-
sectional
view'o

the N.A.C.A
23012 _air-
foil with

slotted Flap.
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5LAT CHORD

SLAT

WIRTH

e CUT~OFF-N

of an N.H.C.ﬁ._ 23012 airfoil

0.55¢c,,.

K
5L0T DIMENSIONS
Nosel A | B | X p|lolF|laefm SLATI'R | L EIH|N
| | 5s2|2.0|5582 2.0 520| 200|650 2.0 1 | 1oo0] 550 4.0 | 550} 450
2 [445] .57 |50 2.0] 540/ 20.0| 6¢50] 2.0 2 | 11.0] s40|4.92{ 550! 430
3 |570| 80 |555 2.0| sz.0| 200{65.0| 1.0
= 30 ALL .DIMENSIONS N
4 1460 pioe 55.22 2.0 | 540 200|G50| 1.0 PERCENT OF WING CHORD
5 [8.534.3 {6002 2.0 54.0/110§65.0| 3.0
SLOT CHARACTERIS
' FLAP ANGLE=O' FLAP ANGLE =~ 40°
NOSE [ SLAT [CUTOFF| SLAT [WIDTH| GAP |52 P3EDGE G < |erme I B R
crar WIoTHIRADRS AT | AT fo 1 AT (@ AT | AT Jo 4 AT S0
: max|ic - a0 max|. Gy =0
N | H W M | RATRO 203 |Cp =10 tinax [ 70 9)Cy L5 ;208 2 ma,
| r |t ? 2 oF.
(ed) (ded.s
NO | MIDCHORD sLOT ol o202 .51 | 14.7 | 127 JaoelOlaowd 268 | fod | 225
- 45.] .55 5| 1 [&x20{ o ]oiso|6293|1.62 | 18.2] ios | oegtl|0822j2.7t | 129 | 181
3 {! 45 | 55 s| 1 |.20 | 1o |oicolozas|ise | 172 99. |occolosss|zm | 12.1] 164
41! (45155 7| 1 |43 | 0 |oi53odss|l.e2 | 1a2]ioe foc75].0820) 2.70| 129 | 176
412 (.43 |55 1 1 jau | o loreo|ozo0| ez | 182] 100 |oervlogar | 2.70] 129 | 169
2 b 45 |.55 | ¢ | 2 28| o loi7r|o328| 160 | 17.2| 89. foT07 0885| 2.1 | 139 | 151
212 | 43555 9 2 [.222 | @ |oi185|0320}1.63] 17.2| 88, |o7rolo8s5| 2,69 129 | 145
s 43 |.55 L] 3 [.333] O 102400340 1.6¢2 ] 17.2| 68 "1O74] [0898| 2.70| 1353 | II2
Figure 2.~ Cross-sectional view and aerodynuamuc characteristics

with Tixed sfot. Slat Chord,
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NOSES 678 avD 9

NOSES 10,11,718,13, AND 1%

NosE|l F IDlecimis|Ele]|T stAaTiH | R | E | ¥ | W

6 |12 | 2 |205].305| 32 { 33 |36 | 18 4 .ina|ces|nas| @ logs

T |14 | 2 [205].306/32 |33 [3¢.| 9 ] 5 jesleus)esi el | 5

8 |le Z 1205|305 32 |33 ]3¢ ]20 ' 6 |205( 720|222 30 { &

9 |10 | 2 |205] 205] 30 | 36 |37 19 o 7 (165|s1 | 180} 21 | 3

10112 | 2 [20.5 25| — |42 |33 | 13 . ° GFOR SLAT 4 USE THE )
e ] 2 [208]gne] — |42 |38 | 10 :&:EW:;:G RAP;‘S:S_;“

1z 10| 2 |208] o5 —~ ‘0127|113 Krarion] sol 75 [ o0l 2

1311212 [205|ms| — |40 {29 | 1o ’ RDWATE} 4.0) | 522] 6.0 680

14| 58] 2 |13 el — |29 |22 ] 8 - '

ALL DiMENSIONS GIVEN IN PERCENT OF WING CHORD

Figure 3.— Cross-sectiomal view of the NACA 23012 airfol
with fixed slots. Slat chopas', 0129, 0.1é5<,,, and
0.205¢, . oo .
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[ SLAT CHORD——‘

Fi_g.4

. ’\{

i

. T — N
—»CUF o
WTH

All dimensions in percent of wing chord

Ty

FLAP ANGLE - O° FLAP ANGLE « 20"
c [= C 2
NOSE SLAT e ;;:;B}W“’TH i WG;:’; AT “AT “2 pax '0"3' C:ngf AT ‘.AT €t e cf_r ?.«%
~ RATID ¢, *a3 ;qu.o sz"f cz:a &, 15|67 .0 o Ci,,,,x @
. (deg b G- D)
. NO NOSE s:LOT 0119 [aoz02f 1&1 ri-; 127 106I0R0T60] .68 ] 1011 | 225
12 | & | 5.0.| 205| 3.0} L00jp333 .o185}.0290| 1.77 | 21.2| Y& 0612).0880{2.68] 13.9| 145]
43 | 6 | 5.0 | 205] 50| 1.00f .200 .o172].02¢0 172 | 22.2|.104.| .0632}.0880{ 2.68 | 13.9] I5¢ | @
9 [ 50.| 20.5| 3.0].2.00] 66T ozadjo4i7j .89 2Lz | T¢ ].0712.0970{2.89] 15.9 uz—
10| e | 5.0 | 205} 5.0 200 .400 Gz4v,0235] 145 | 21.2| 78 07450875 2.84] 1431 1ic ]
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N.A.C.A. Technical Note No. 702 Fig.12
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